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ABSTRACT 
Thermal remote sensing with its own concepts and potentials has presented a variety of 
applications in the atmosphere and land surface temperature (LST) variation detection. The 
objective of this study is to access the LST variation in the dry season of Binh Duong province 
for understanding the effect of land-use change on the microclimate conditions. The spectral 
radiation value was determined from gray-scale of thermal infrared images of Landsat 7 ETM
+
 
and Landsat 8 OLI/TIRs, followed by the LST calculation. Results showed that the LST in dry 
season decreased approximately 1.5 C over the past 15 years from 30.8 C in the year 2002 to 
29.3 C in the year 2016, due to a large area of newly planted land of industrial trees changed 
into mature ones in 2016. The area, in which temperature increased corresponding to 16.6 % of 
the natural square, has developed rapidly with new industrial parks, urban areas, and vacant land 
areas. Therefore, the Government should have solutions to promote its positive side and mitigate 
its negative side by a suitable land-use structure in order to both develop the economic 
continuously and help to mitigate the climate change effects. 
Keywords: remote sensing, land surface temperature, thermal variation, thermal infrared image. 
1. INTRODUCTION 
Binh Duong was a part of the former Song Be province and re-established in 1997 (see 
location in Fig. 1). Over the five years after the day of re-establishment, in 2002, the socio-
economic situation in Binh Duong completely changed, from a province depending mainly on 
agriculture to a rapid industrial development province. Up to now, Binh Duong’s economy has 
developed significantly compared to that of fifteen years ago. The economic structure has been 
changing rapidly towards increasing the proportion of the industry and reducing the ratio of 
agriculture. Industrial development of the province has attracted a large number of immigrant 
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and urbanization promoted the infrastructure of the 
province [1]. Up to now, Binh Duong economic has 
much more developed in comparison to that of fifteen 
years ago. However, the socio-economic development 
over the past 15 years has also resulted in changes of 
LST due to the changes of surface characteristics such 
as vegetation coverage and land-use status. Therefore, 
studying the variation of LST in the period 2002 - 
2016 is very necessary to assess the variation of LST 
in the context of socio-economic development. 
Monitoring by traditional methods of direct 
measurement faces many difficulties, and in fact, it is 
not possible to place too many observation stations due to high costs. Meanwhile, remote 
sensing data providing information about the Earth's surface at various spectral bands and broad 
coverage, so that it has been using effectively in monitoring LST. There have been many types 
of research in the world using thermal remote sensing data for LST studying such as, examining 
the relationship between land-use and LST in Tangerang, Indonesia [2], Toronto, Canada [3], 
Erzurum, Turkey [4], assessing the impact of socio-economic activities on the microclimate in 
Suez, Egypt [5], etc. In Vietnam, researchers have used LANDSAT, ASTER remote sensing 
images to determine LST in some regions such as Hanoi [6], Da Nang [7], Ho Chi Minh City 
[8], Lam Dong [9], etc. However, the LST fluctuation trends have not been studying yet. 
The LST fluctuation range has considered as an important factor to assess the effect of 
industrial development to local climate characteristics in areas shown significant changing 
speed, especially, Binh Duong province. Therefore, the evaluation of LST variation in Binh 
Duong during the last 15 years, from 2002 to 2016 by applying remote sensing technology has 
demonstrated the necessity and efficiency. Findings from researching have provided specific 
view and data to support the Government in planning and management the industrial zones for 
adaptation to global warming. 
2. DATA SETS AND RESEARCH METHODS 
2.1. Data sets 
In this research, used remote sensing images were the Landsat 7 and Landsat 8, in February, 
March, April of the year 2002 and 2016. They were collected free of charge from the United 
States Geological Survey on the website https://earthexplorer.usgs.gov/. Specific information on 
downloaded images indicated as in the Table 1. 
Table1. Characteristics of remote sensing images used in this study. 
Images 
Thermal 
band 
Waveleght 
(µm) 
Location 
Acquisition 
Date 
Cloud 
cover (%) 
Image 
quality 
LANDSAT 7 
ETM+ 
Band 6 10.4 – 12.5 WRS_PATH = 
125 
WRS_ROW = 
052 
13-02-2002 5.0 
9 01-03-2002 15.0 
02-04-2002 9.0 
LANDSAT 8 
TIRS 
Band 10 10.3 – 11.3 
28-02-2016 0.89 
9 31-03-2016 6.22 
16-04-2016 30.75 
 
Figure 1. Location of the study area. 
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2.2. Research Methods 
Research process including 3 main steps:  
- The first step was the calculation of LST from thermal infrared images of each month: 
 +  Calculation of spectral radiation value from the gray-scale of the thermal infrared 
image, according to following formula [10]
:
 
     (
           
            
 [           ])       )       (1) 
where: Lλ: spectral radiation value, (W/(m
2
.Sr. µm)); LMIN, LMAX: spectral radiation value at 
DNmin; DNmax. ForBand 6.1 of Landsat 7: Lmax = 17.040, Lmin = 0; For Band 6.2 of Landsat 
7:Lmax = 12.650, Lmin = 3.200. ForBand 10 of Landsat 8: Lmax = 22.00180, Lmin = 0.10033; 
DNmax: maximum gray-scale value, DNmin: minimum gray-scale value.For Landsat TM, ETM
+
, 
DNmax=255, DNmin= 1;for Landsat 8, DNmax = 35535, DNmin= 1. 
+ Determination the brighness temperature: the spectral radiation value from previous step 
was used to calculate the brightness temperature, according to the following formula [10]: 
    
  
      
  
  
 
                        (2) 
where: TB: brightness temperature (Kelvin); K1, K2: constant for Landsat thermal infrared 
imaging (correction factor). For Landsat 7: K1= 666.09 W/m
2
.sr.µm, K2 = 1282.71 W/m
2
.sr.µm. 
For Landsat 8: K1= 774.8853 W/m
2
.sr.µm, K2= 1321.0789 W/m
2
.sr.µm. 
- The second step was the LST determination, as detailed descriptions. 
+ Calculation of LST,based on the surface emission as follow equation [10]: 
LST = 
  
  (
   
 
)    
                              (3) 
where: LST: land surface temperature (Kelvin); λ: central wavelength value,µm;    
   
 
 ;  : 
Stefan – Boltzmann constant (1,38.10-23
 
 
);  : Plank constant (6,626.10-34J.sec),  : light speed 
(2,998.10
8
m/s); ε: surface emission factor. The surface emission factor for regions in this study, 
with many land-use kinds was used (ε = 0.96), ignored the consideration of the different 
emission levels of different uniform land-use types. 
+ Temperature conversion Kelvin to Celsius:  
LST (
o
C) = LST (Kelvin) - 273.16    (4) 
+ Observation yearly average LST by counted the average of the three months LST 
correspondingly.  
- The last step was the detecting of yearly LST variation range between 2002 and 2016, 
performed by subtraction the LST values in the year 2016 and 2002. 
 
3. RESULTS AND DISCUSSION 
3.1. LST in dry season of each year 
 
 
Assessing the variation of the dry season’s surfacetemperature… 
139 
Results of LST calculation in each month and dry season average indicated in Table 2, 
Figure 2 and Figure 3. In the year 2002, the lowest average LST was 17.2 C happened in March 
and the highest level was in April by 41.2 C. While in 2016, April was the lowest average LST 
by 16.9 C and March was the highest average LST one by 37.5 C. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2. Dry month LST in Binh Duong ( C). 
Time 2/2002 3/2002 4/2002 
Average 
2002 
2/2016 3/2016 4/2016 
Average 
2016 
Min 17.2 18.1 16.7 21.5 25.1 26.4 16.9 22.6 
Max 41.2 36.3 40.2 39.2 39.1 41.8 37.5 39.1 
Mean 31.3 29.0 32.1 30.8 29.4 32.8 25.3 29.3 
SD 3.1 3.0 3.0 2.3 2.3 2.4 3.6 2.1 
In general, after 15 years, the minimum LST value in 2016 compared to 2002 was increased 
by 1.1 C; the maximum LST was changed slightly. However, the mean LST value was much 
decreased nearly 1.5 C, from 30.8 C in 2002 to 29.3 C in 2016. These trends could be explained 
by the fact that from 2002 to 2016 there was more vacant land in North of Binh Duong Province 
changed to perennial industrial crops so that the thermal absorbability was decreased. 
3.2. Dry seasonal LST variation between 2002 and 2016 in Binh Duong 
Maps of dry seasonal LST fluctuation trend in Binh Duong between 2002 and 2016 were 
shown in Figure 4 and the distributed percentage of the area by LST variation range was 
presented in Figure 5. The area of unchanged in LST was covered about 25.7 %, the area of 
increased LSTwas made up16.6 % of the natural area, respectively. The grown up LST areas 
distributed scattered in most districts of Binh Duong province, concentrated mainly in Ben Cat, 
  
Figure 2. Map of LST in dry season of 
Binh Duong Province in 2002. 
Figure 3. Map of LST in dry season of 
Binh Duong Province in 2016. 
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Tan Uyen towns, especially in new industrial parks, planned urban areas and vacant land.The 
area of reduced LST accounted for about 57.5 % of the province's natural area. It has spread in 
all districts and especially much reducing in the Eastern and Northeastern districts of Binh 
Duong such as Phu Giao, Bac Tan Uyen ... In general, after 15 years of economic development, 
in 2016, Binh Duong province has many areas with lower temperature and some of higher 
temperature. 
The area of nonagricultural land in 2016 was about 58455 ha, accounting for 21.7 % of total 
area, increasing about 10 % in conparision to that in 2002 (11,7 %) [11]. These areas 
concentrated many infrastructures with highly reflective surfaces such as corrugated iron 
workshops, roads, yards, buildings, factories… That was the reason why in 2016, there was 
some areas of higher LST that making up 16.6 % of total area.  
The area of industrial crop land in 2016 was not much more than that in 2002, increasing 
from 63.6 % in 2002 to 68,4 % of total area in 2016 [11]. However, the state of tree development 
has much influence on the absorbtion and reflex of the radiation, so much impact on the LST. In 
2002, agricultural production in Binh Duong province has been positively changed, converting 
inefficient crop area into high-value industrial crops, especially rubber cropss. So its surface heat 
radiation was high, including a little part of new rubber plans and a large portion of the uncoverd 
land. In 2016, much of industrial crop land was covered by mature rubber trees, so their surface 
heat radiation was much lower than the uncovered land. This was resulted in LST decrease of 
about 57.5 % of total natural area in 2016. 
The growth of vegetable plantation helped to reduce the surface temperature. Another side, 
the urbanization with more industrial zones, plants, buildings, roads… made LST increase. 
Therefore, the Government should have solutions to promote its positive side and mitigate its 
negative side by a suitable land-use structure in order to both develop the economic continuously 
and help to adapt to the climate change. Due to limitation of time, the study only evaluates the 
LST variation between two timelines of a 15 year period. It is therefore necessary to conduct 
further studies on the relationship between land use status and LST as well as the increase of 
timelines to increase the scientific and practical significance of research. 
 
 
Figure 4. Map of LST variation in dry season 
of Binh Duong between 2002 and 2016. 
Figure 5. Ratio of area distributed by LST variation 
between 2002 and 2016. 
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4. CONCLUSIONS 
The study was conducted to evaluate LST variation in the dry season of Binh Duong 
province between 2002 and 2016. The LST values  are calculated from the grayscale value of 
Landsat 7 ETM
+
 and Landsat 8 OLI/TIRS infrared images. The average temperature of the dry 
season after 15 years has decreased by about 1.5 
o
C from 30.8 C in 2002 to 29.3 C in 2016. 
The area with reduced temperature occupies about 57.5 % of the total areadue to growth of new 
planted industrial trees in 2002 to mature ones in 2016. Areas with increased temperatures 
accounted for about 16.6 % because of the incresing of nonagricultural land in 2016. This 
suggests that the economic development in Binh Duong has had both positive and negative 
impacts on the average temperature of the region.  
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